Rapid changes in vascular compliance contribute to cerebrovascular
adjustments during vasovagal syncope (VVS)
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ABSTRACT
Background: The rapid reduction in arterial pressure (AP) during VVS is associated with a
characteristic decline in diastolic cerebral blood velocity (CBV) and maintained systolic CBV as
measured by transcranial Doppler. This increased CBV pulsatility was originally considered to be
indicative of a “paradoxical” increase in cerebrovascular resistance (CVR). Conversely, it may
represent a passive Windkessel mechanism (by virtue of increased cerebrovascular compliance;
Ci) in the presence of rapid hypotension. We tested the hypothesis that Ci increases during presyncope in VVS patients.
Methods: Finger AP and right middle cerebral artery blood velocity were recorded from 14
otherwise healthy patients (n = 11 female, 34 ± 11 years, 25.4 ± 5.0 kg/m2) at rest and during
head-up tilt (HUT; 80°, 5 to 28 min). Three time-points were analyzed: (i) baseline (45
heartbeats), (ii) mid-tilt (25 heartbeats), and (iii) VVS (30 heartbeats). Individual AP and CBV
waveforms of every fifth heartbeat were input into a modified Windkessel model to calculate Ci.
Results: Upright posture resulted in a decrease in CBV (-9 ± 8 cm/s; one-way ANOVA: P < 0.01
vs baseline), an increase in Ci (132 ± 72%; P < 0.01), but no change in AP (P = 0.14). Compared
to mid-tilt, systolic (-34 ± 13%) and diastolic (-37 ± 10%) AP experienced similar reductions during
VVS (P = 0.23 vs systolic CBV). In contrast, there was a large reduction in diastolic CBV (-18 ± 9
cm/s; P < 0.01) in the presence of sustained systolic CBV (0 ± 12 cm/s; P > 0.99). CVR
decreased by 14 ± 20% during VVS (P = 0.03 vs mid-tilt). The increase in CBV pulsatility during
VVS (81 ± 50%; P < 0.01) occurred simultaneous to an increase in Ci (657 ± 410%; all P < 0.01),
with a peak response ranging from 192 - 1395%.
Conclusions: Our results suggest that an increase in CBV pulsatility is indicative of an increase
in Ci, which may protect against reductions in cerebral perfusion during VVS. These results
support the existence of a protective Windkessel mechanism that helps defend against rapid
hypotension by preserving systolic CBV.

RESULTS CONT’D

METHODOLOGY
 Data collected at rest and during head-up tilt (HUT; 80°, 5 to
28 min) from 14 patients (n = 11 female, 34 ± 11 years, 25.4 ±
5.0 kg/m2 .
 Mean arterial pressure (MAP) and right middle cerebral artery
mean blood velocity (CBVmean) were measured continuously
and analyzed at three time-points: (i) 45 beats at baseline (ii)
25 beats at mid-tilt, and (iii) 30 beats at VVS.
 Individual arterial pressure (AP) and CBV waveforms for
every fifth heartbeat were input into a modified Windkessel
model to calculate Ci.
Figure 1.Windkessel RCKL mechanism and output. Arterial pressure and
cerebral artery blood velocity for mid-tilt and syncope where cerebral
artery blood velocity is being used as a measurement of flow.
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INTRODUCTION
 Vasovagal syncope (VVS) involves a rapid reduction in blood pressure
and cerebral blood flow (as measured by Transcranial Doppler
ultrasound).
 Cerebral dynamics during pre-syncope, (i.e., sustained systolic flow in
the presence of decreased diastolic flow) have been interpreted as a
“paradoxical” increase in cerebrovascular resistance (CVR),
vasoconstriction, or a reduction in cerebral perfusion pressure1,2
 However, calculated ohmic CVR declines at syncope, suggesting that
cerebral autoregulation remains operational as arterial pressure
(AP) decreases.
 Conversely, this increased pulsatility may represent a passive
Windkessel mechanism (by virtue of increased cerebrovascular
compliance; Ci) in the presence of rapid hypotension.

DISCUSSION & CONCLUSIONS

Figure 2. Compared to baseline and mid-tilt, upright posture contributed to an increase in compliance (P < 0.01; A), a simultaneous
increase in the pulsatility index ( P < 0.01; B) and a decrease in cerebrovascular resistance (P < 0.01; C) at presyncope. At
presyncope, there is a reduction in mean arterial pressure compared to mid-tilt (P < 0.01; D).
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 Results suggest that an increase in Pi is indicative of passive, intrinsic
properties (i.e., Ci) of the vascular bed rather than autoregulation as
classically-defined by active, and more latent, changes in
resistance.1,2
 The increase in Ci at presyncope appears to protect against
further reductions in cerebral blood flow in VVS patients.
 These results support the existence of
a protective Windkessel mechanism that helps defend against
rapid hypotension by preserving systolic CBV.
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HYPOTHESIS
The characteristic changes in cerebral blood velocity (CBV) and mean
arterial pressure (MAP) at VVS correspond to increased cerebrovascular
compliance (Ci).

Figure 4. Representative figure (n=1) of compliance and mean arterial
pressure during the last 120 seconds of tilt and return to supine. Increase
in compliance as mean arterial pressure decreases during VVS with a
peak compliance response ranging from 192-1395% across all patients.
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Figure 3. Detailed analysis of the last 30 cardiac cycles (A) and the last 20 seconds of tilt (B-D) prior to patients return to supine
position.
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